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t l*:£JS 1 1 ] mm 2 60Sgg» 'J y^Mi/-^ K— <J > 
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a ) ws3&m<rm 0 tcEa3#u 1 jjLbona&fcir?- 
1 tosggf y yv£G?&ms.5$f±.izmwmL& s 
au 

10 b) BiEmioJga';>^<ojJ5r(c N gmosg&'jy 

1 Bloom t Gte-f £ 1 tAkwyz -tttm 

f 1 6 ] MESS 1 coms V >7li. ma!&20> 
y yycomB 1 &±.<OT~^\fyt «t d t 
Ea?n^l«±oS^fii^TV^|g«JBi 5fcE«<0 

[it*Bi7j i?rEm 1 <7)J£au yyiij^- : J\j yy 
zffix-x^&mxmi 5izsmcoim.- 
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rtmux ^m*m 1 5 tiEKo^s. 
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[0001] 
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[0002] 

img*m<ormk} it^ma&gm (cvd)«.^ 
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tiz>tmzztifrt,jRnm>ti. imcom. mm&iz 
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iU Wmt. $>2 5 0X:frL>6 5 0X:cr>m&<7)& 
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imobwmmtc^ii. mmzsmztihme)*}-®. 
[ 0 0 0 4 1 >j<-<m?ismm<D 1 -wsa 
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[0006] X*7)TTn-<Himfcff)m8S&m:'>*-i'' 
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Ztifihh, 

[0 008] FW VT'&tfXIi/t-i^ 

^ofc^fc^t^ffl-rsyy^fc*). -eft^i^g 

*(r>£o£mte?*y'<-<r>K±effgl*:imai!: 

h. 

[0009] Lti#->x. ysm.m*mzm±x'%. 

[0010] 

[5«^«s] lmmtcu. *mu. mum* 

20 yrzGT&mtiBmtm&i-zzkiziii). $mm 
<mmz?im-th. sassy ^v-oyr. ^ 
-iS>jy7Ti>->xi>£<. Xteagssyy^fc^+F- 
y >-^Pf*t LxmmLxi> sg&y y^&t/a 

mtxn. 3ga5y^^x«ffis3d#<ov^-mM±^<7) 

S8a5y^^X»±S«]E^Ofl«ie^ifA 

ztiz>im<rmmm£ffitx^&. -en^ixcoaiisa 
otr><7)^-rsiot^<fc{>Bt(aT*> i 3. s« 
ass y y?<oi3<&m&<r>mtim-t&<?>£+ft 

[0011] J5!k9*m-eti. *^WJi, m&3m<r)±.1t 

izgmzti. Kywm*ms3cmzmttvt>iifz& 
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Vyfl 5«-b7S -;9WmX'hh. XD7 hi 7a 

~c«. if-tr? i i affs&ztiz&mE&n&mtz 
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3frt>Mmh Z t KJ: 0 . /t-y'J 1 5#»*. 40 
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[0018] ftMHfcfcWC, ^i-Affl^i-/^ 
ffil 3 afcffigSft. •>xWNW<7)j^3&5y\'-$/ai2 9 

a. ^-^x*VN--^«2 9i&ao , >x- J 'Mv<7)jia! 

-feT^l 1 a(ca*ii^^i/c. X«^<OTfflfcS«H-S 
1 fllgfen-f/NCkD. 3 5 0r*>f>4 5 0'C<7)eHcoiajg 

Wa^Ttft. ^7-^ 1 1 all. jiS, ^HiBglCM 

[0019] CK^aSSHfcJif-*- y/\-xix^ y h<^a 

KSi&t^iRig^i^ie^L. aK^i3t^-y-y> 

^155rffii.TV^. CVDSKI<7)ia(cecS»^^ 
/K Xl/l£*tLT4t&S«[$^l 3mf7<y*.- 

3b<vm&izi>mt>T. eyi9a~caif 

« 1 7 a-c^^ci: 9 . mtb^B/BSt SfclOflT. 

(XV-5-itiS:3a$-r&t^l 9 a~c) *<&St«tC 
»«rf4t#. SftT««$^i5Mi/t-^y^l 5 
{cf^fflS^V^ /t-^yy^i 9.a^cS^j-A 

fc**->T, t&m.mii£*)%~&^i&mizft)j±2tiz>. 

&<7)tz#>. fy9a~c$:^(c±^$-tfTt,J:V^ L 

[0020] 03i4^-«rr^ 1 1 boii^gp^raa 
mxhh. m3oy$m<r>*r*L?9 1 1 b<4. S2os«c 

5m 3*>'x^7x-ify^^l 3b5r<Sx.Tt^l^ 
fc5rl^V^T. mim*.T9\ 1 at^BHKLTV^. ft 

tifz^-^^xM29(DXoiz. J*-~;vy7i 5<ryft 

(restrictor gap) Rt {m 1 <T> ) ^"'J 7 < XO£3c& 
th. , )ZhV7?Z*vTRtemti&mi3<D*.¥% 
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•yK2 lliHt^rffi-Ctyi 9CB5S?*U XII. 

< ey 1 9£**ix?i>h. ftrnxn. &ey 1 9it£ 
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•tpy^^^i3b(c^$iiTv^. Ltztf-?x. 0 
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LX. \:>l®<nttki&n&Z*t3g!i$.-?hZtZmL 

[OO22j05A&If5B<±1f-fer^l 1 dOj^JSr 
»«-<OfflH0t*ft 5 . 0 5 A£tf 5 BW<-y 'J>/1 
5ali. rtffl^l 5a#^x-/^W03i^^c5Iy^^i-t 
J:^fc:^J£Si^T^^&. U:A*oT. A-y'J^15 

s ) yy\5 axt^^-v K-y v?4 omnt 30 

LTfctfrf*. 05A24tf5Btf)fc , yfc}I<O*g-£»i, 0 
2RV3 : t:'miX±j£ZtiX^&J:olz. /t-yyy 
/15a ^KXJifiLStcl^SS-^-^ h Z. t tc < . S« 
;£#1 3£KSI&tflKJiS-£6. 05A(i3t!W|{igT-^ 
A-y''J^l 5a£^U 05Btf?x-/\J8i*ftg 
5a£*LTV>£. y+.h'-'Jy/ 

ttl3(c|**i. XJi*£A>4>?ll*Mi-O^IS. *ti 

C J; 0 ) 3H££f$ 1 3 x - AW^JSiMftSTMS 40 

gW'C£»SiVO>&. ^x-zM/VA^JSztm 3tcE 

1 3 k- y vrzmktz . 

[0023) 5&mWl&ffi 1 3 li, A-y'iJ y f 1 
£>-f. SUn, ^xWNW(7)t»i5i{5giT-KT^^S. 

^t£. ^x-MnyK^-iigatsm 3±^ffiHt 
")i-aw^ y?htry (05rtf"r) li^x-^ 
W£->x-AMyK7-*^J$Jb(f£. ">x- 50 
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/v\yF5-H9loa«>Mi. 2«£#1 3«3 4>fcr± 
5/^H-yy/4KfiW»&. 

[0024] 06Ji^-fer^ 1 1 effmmc^^sm 
mxhi. wnm^T? 1 1 ei«Bw:ft/t-^ 

*iTV»*. fcfc. eyi9 (XJiftbOOHtHHTli. 

« 1 7 ) *<ks3*i*£«33h 3ammr*-¥XA 

mmm25<D&U<r>T1jX'hh. Lta6>'-5t. 

y y^at/xtty* K-y y/4 1 3*>*>jr 

06fc*S*vO>SJ:5fc. JJM#s*L<tt. 0* t 
3 0* <0H) fc£»7S>*lTi«l:v*. 
[ 0 0 2 5 ] 07 &T2tvt:1t9m®mizt5VZ* 

irawf-feT? i i f *m-+*>*-<ommx'b 

h. V±791l fit. mRmi3±jrcr>9imi-*> 

>K-*fla 0 OcDrtffl 1 0 2(cSS?ii^f-+y>"f~* 
f*y y^2 0 OtcJ: 0 SJSSfuti"* K-y y/4<0J: 

p zmi^mm i <os» y y^ t . s«3d$ 1 3 

S^/utvN'-^'yy^l 5<^)J:d : S:^2<?)yy7't5rl8 

i. T^&. ^-yyy^i 0i~6t«LT±a 

?iOJtJ:5t^«i»l 3»cBXyWt^>fi.T^. S« 

x^yh5r^TV^Tt>J:V^ y+K-'Jy/4lig 
jR<0x-^*t5tttflftS»#tf)ey 1 9 ( 2ffl0*) £ 
fiixTiJO. ^H-yy/4^fflai5iyfe:%^fc:^ 
S^SWT . -e - frt>T1jlzmf x v >s . y y ^ 

1 5ul ^< 1 1 1 mvy^-^ttxuHmumtcm 

m\m5 k . ^Cl{c««$iut:^< 1 1 1 H^t-a- 

ty$•*•rl»x J l'K-yy^fcIHlS^/ / »i^: : rt^^• 

«. try t fflgS/i*oJS£#i^ K-y y^XJiM-^' 
y y^V^-ffi*^Sg$^TV^|Qtt^S:^LT^ 

[0026] eyi giiB^iDiHJSks^iaetT^-r 

ftcOty 1 9^*5^-5. t.Ofc^< fc t>|al t(BT'* 
l^atlt «g<i. yc-x'y y^i 5<o**g8 

Eia!5&^B?"l«6 5:75-r*l^<0^-^yy/l 5^ 
-Tffl0T'*408?r#^'t4i: , H8 0 OJi^-^'y y 
i/1 5<7)+ifeSi!(cMLTjfclt^|6)5r^L. H80 2«m' 
->-'y y^ 1 5^*^{cWLTiSfcSt^|6)(c*iS^|6) 
£*LT^&. S^i|?S6^*Hi, ^-v'jy/l 5t7)+ 
ifcgiitcMLTM+^^il^jfeT'AO. £#8 0 4 
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6fc«fc 9*3iiTVi*. B9Ml6fcL A-y-yy^i 5 

\t. m?zv>i9(r)mmmj:'o. #6 0 

■6. £9W!»52WlSro60M;L *tJ&f*eyi 9 
*>3$/Pfc#>10S/K7)ia. #tl<lt. & 

t^a 6 1 9 1 ttwuifrt h 

loo 27 j muzmzhx^zvyi 9\mm&mt 

W1W®5Rimmi6lt, -r-Atryi9£gftAfl 
HM5r*LT>-^. t> 1 9<0«v%Sg?iiT^?!lO^ 

(•«r^. PMtf) oty. tHBS5. &t/ill6coftb 
OfcHitSJgttXIiT-- /tKcotry l 9T\ IfeBSiXtt 
fS^BCfcSy-v K-U y^MO^-y-y y^l 5 1 

5Sy?«6tc:»AS*iS^ y+K-y y/fc/\-y'y 
V^Sc^FS^Ki. t>l 9<OSE#tHSS5;otjJt6 

h. 2mcovy^t±. tr>i 9*>m5sif«6t^ 

[0028] tyi 9 RVW&5/tii6 commit. 2® 

(o y y?<m<»W£hmgmz& y . n--yy yy^m 
it F-oy^zmiZit. vyy<rm&. mtix 

y^cO^SrgJtSiili^rV^. try 1 9RX/m6<7) 
2®cDVyfH^mZ&$mcot:)b}SK\.^z 

izximmzti) wmn-tT^h^ 40 

13, ^yi9RT/WSt5(7M-^cO&.mX'^-^*Jy^l 

5tv* /hmcr)Vimz$>z>. *miit. y+n-y 
yr4M-i/\) yy\ 5Rvmmtcr>L->fr>o uzm 
m&tei-h. -eto±?^{c, y-vK-yy^ttft?* 

[00 2 9] S9{if-v>K- 2 |s:« S ;i > )y^2 0 0(cS^ 

ttyy7 r 2 0 0ttf--ryA*-*fcl 0 0<7)rtrBj 1 0 2C 
£l££ilTH&„ f-ryA'-^ftyy^OOfif-vy 50 
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/\*-*f*y y?2 0 0<0rtH2 2 0O±»{CJg«3*ut 
£80lH&2 0 2£<B;c.T^!>. y-v K-'J y74\m 
U2 o 2(c«t 0«5e$iut^>A-*fty y^2 0 0 
^ffitcftg^J: ? fcJf&SSfifclt&c^jg 1 0 5-fil 
*TV>i>. ff£L«i. 4fflc7)3Sjgloa<y-rK-yy 

^4o^ia^t?e^-ci^(c[ai@^av^T>-^. n-v 
yyy\s tmsztizi y + k— y y^ <* 

G0S52 0 20«ffit*53^l OS-^-LT^yA-* 
*y>^2O0{cJ:93m^Ti,J:^. D3&202I1 
10 y^r K-y y^4<7)»BSi£:tf§-f & fc^Ky-r H-'J 
y^4 £;<-yy y^ 1 5 1 ^tcS^$^t$ j; -5 

tyi 9*<n?js55atxa6<oifa 

efflrtt^Sidt^o-Ci^. BQ^2 0 2iOfflS^ffi 

(i*fcf-ryA-*ficy o ommommmiz 

v-ir H— y y?4 -3 fc-f-^tC^JitT 

[ 0 0 3 0 ] 01 ofi. «igiigtcfcv>T-9--tr^ 1 1 

tc. S«i}#i 3t^9ttft6*ifc'<c-s;y v^i 5« 
20 i.^ h'-y y^4 fc««L. lt±<f 5. ^ H-y y^ 

*fty>^2 0 0 5r^±Jf, ^K-y>^4<03§ei 
0#BQa52 0 2K«t ya^?n/c-?-r W<-*«cy y? 
2 0 0<Ortffi2 2 0frhft±Sft,tlh£ol,Z%->T\.y 

h. ^vmmztiwi:. ^K-yy^tt^x-Aw 

3 [003 1] fBBfcfcHT, s«ja$i 3«, a 

^yYv-MmLSftx 3<7)±ij{miz'>x.~'\£&m 

L. o^--/ HI«|oatr. fflSS^ l 3<i±# 

-e--(c««5:S#. -e^. »S3d$ 1 3<i$^, 
(c±#L» @1 0(c^$h.TV^J:d(c. -ectcJXOft 
ttt>tv/z'*—is\) yy 1 5*^+ K-y y^A z^y 

A-^'y y/i5*f^MJ y ^4 t , fy 
19*±S«EI»5A^fiM»6t:#ASft4. f>19 

TjtSftL. n'-y-y y? \ 5 t^Scofigtcy-v K- 
y y^4 

[oo32iiiiii. msmotii&ktjitTV-trf 

1 1 gSr^-ff-^y/^-iOfflJSiaT'f)!). *%QflOC<7) 
-f-C^ffiM^it/c-t^ S y ^R/t-y* y y^fc £ffiz_x 

i^. A--yijy/i oAyy+ K-yy^4(i.'±a 
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BACKGROUND OF THE imrENTION 

KeldThe^vention 

The present invention relates to an improved susceptor which inhibits the 
deposition of process gasses on flic edge and backside of a substrate, and which may be 
easily removed and cleaned. 

Bartaromid Of He^jgfejj At* 

Oicnricai vapor deposition (CVD) is one of a number of processes used to deposit 
thin films of material on semiconductor substrates. To process substrate* using CVD, a 
vacuum chamber 13 jmmded with a suaoeptor configured to receive a substrate, a 
typical CVD chamber, me substrate is placed into and removed Aran the chamber by a 
robot blade and is supported by a substrate support dirrmg processing. A precursor gas is 
charged into the Taciturn chamber through a gas manifold plate started above the 
substrate* where the substrate is heated to process tempezatnrcs, generally in the range of 
about 250° to 650° CL Trie precursor gas reacts on me enbsn^ surface to deposit a 
tfam layer thereon and to form volatile byproduct gases, winch are pumped away through 
the chamber exhaust system* 

A primary goal of substrate processing is to obtain me largest useful surface area, 
and as a result the greatest number of daps, possible fimn each substrate. This is 
faghhgfatod by the reoent demands fiom semicondnctor chip mamn^ctnrers to minimize 
edge exclusion on the substrates processed, so mat as fitde of the substrate smrace as 
possible, mchidir^ of the wafer, is wasted. Some important fedora to consider 

include pressing variables that affect the umSnrnity and tiridmess of the layer deposited 
on the substrate, and contaminants that may attach to the substrate and render all or a 
portion of the substrate defective or useless. Bom of these factors should be controlled to 
maximize fee useml surface area for each substrate processed 

One source of particle ccartamrrjation in the chamber is material deposited at the 
edge or on the backside of the substrate that flakes off or peels off during a sri>sequent 
process. Substrate edges are typically beveled, making deposition difficult to control over 
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these surfaces. Thus, deposition al substrate edges is typically noflomfbnn and, where 
metal is d^osited, tends to adhere difLtrcntiy to a. dielectric than to sincon. If a wafer's 
dielectric layer docs sot extend to the bevel, metal maybe deposited on i sfficoa bevel and 
eventually chip or flake, generating unwanted particles in the chamber Additionally, 
chemical mechanical polishing is often used to smooth, foe surface of a substrate coated 
witfi tungsten ox other metals. The act of polishing may cause any deposits on the edge 
and backside surfaces to flake and generate unwanted particles, 

A number of approaches have been employed to control the deposition on the edge of the 
substrate during processing. One approach employs a shadow ring -which essentially 
masks a portion of the perimeter of the substrate from the process gasses. One 
disadvantage with the shadow ring approach is that, by masking a portion of tire 
substrate's perimeter, the shadow ring reduces die overall useful surface area of toe 
substrate. This problem is made worse if the shadow ring is sot accurately aligned with 
(he substrate, and alignment can be difficult to achieve.. 

Another approach employs a purge ring near the edge- of the substrate for 
delivering a purge gas along the substrate's edge to prevent edge deposition, The purge 
gas limits or prevents the deposition gas from reaching the substrate and thus limits or 
prevents deposition on flie wafer's beveled edge A third approach uses a shutter ring and 
a purge ring in combination to form a purge gas chamber having a purge gas inlet and 
outlet adjacent the substrate's edge so as to guide the purge gas across the wafer* s edge. 

A wafer typically sits inside (radially) die purge Tmg, with a gap therebetween. 
Cbrrvcnhcooalry, purge rings are made of alinninum and are welded to the substrate support 
in an effort to prevent the ring from defoiraing during processing. However, during the 
thermal cycling which occurs within a CVD processing chamber, the ahmrinum rings 
nonetheless deform, losing die integrity of their shape and therefore xxunpruxnise their 
ability to keep particles from depositing on the substrate's edge. This can change the size 
of tile gap, leading to nor^umfbraniy of deposition across Ac wafer's edge. As the 
aluminum rings expand and contract, material thereon can flake, and create particles 
which can contaminate the wafer. 

Further, in order for the rings to work eiicctrvely for shadWing and/or fbr 
purging, they must be firqueody cleaned to remove deposition material which can alter 
the gap or flake off and contaminate the wafer. Such cleaning increases chamber 
downtime, reduces throughput and results in higher operating costs. 
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Accordingly a need exists fox an improved susceptor which can reliably prevent 
edge deposition, and which can be easily cleaned 

SUMMARY OP THE INTENTION 

la one aspect, the present invention overcomes the problems of the prior art by 
providing a snbstrate support having a removable edge ting, which may be made of a 
material having a Wer coefficient of thermal expansion (CDS) (baa that of fee substrate 
support The edge ring may be a shadow ring, a purge or taction as both edge ring 
and shadow ring. The edge ring and the substrate support are configured for pin and slot 
coupling, la one aspect, cither the edge ring or the substrate support include a plurality of 
pins, and foe other of file edge ring or tbc substrate support includes a plurality of 
aH&nncnt slots in which the pins may be inserted. Exh of the slots is at least as wide as a 
corresponding one of the plurality of pins and extends in the radial direction, a length that 
is sufficient to compensate for the difference in thermal expansion between the substrate 
support and the edge ring. 

Jh another aspect, the invention provides a removable first edge ring positioned 
above the substrate support and configured for pin and slot coupling wife a second edge 
ring attached to the substrate support. Preferably, either the first edge ring or me secortf 
edgermginclndes aplnrahty of pins, and the other of me first edge ring or second edge 
ring includes one or more ali gnment recesses and one or more alignment slots. The pins 
ere inserted into the alignment recesses and alignment sjots to couple the two edge rings in 
alignment Each of the alignment recesses and aHgnment slots are at least as wide as the 
corresponding one of the plurality of pins, and each of die afignment slots extends in the 
radial direction a length that is sufficient to cornpensate fur me difference in thermal 
expansion between the first edge ling and the flecond edge ring. 

Other objects, teatures and advantages of the present nrventinn will become more 
flilfy apparent from me following detailed description of the preferred crrmodrments, the 
appended claims and the accompanying drawings. 

BRIEF DESCRIPTION OP THE DRAWINGS 

IIG. 1 is an exploded perspective view of a snsceptor of tie invention; 
FIG. 2 is a ride view, in pertinent part of asusccptor of me invention; 
FIG. 3 is a side view, in pertinent part, of a susceptor of the invention; 
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FIG. 4 is a side view in pertinent part of a susceptor of the invention; 
FIGS, 5 A and 5B are side views in pertinent part of a susceptor of tb* invention; 
FIG. S is a side view in pertinent part of a susceptor of tbo mvrariSoa; 
FIG. 7 is a side view of a chamber showing a susceptor of tbe ioyentiDa in a ixnh 
processing positioaL 

FIG. 8 is a top view of a shadow rii^» of the invention; 

FIG. 9 is a top view of a shadow ring supported on a chamber body ring of 4c 
invention; 

FIG. 10 is a side view of a chamber showing a susceptor of the inve*ition-m a 
p too e a sm g position; and 

FIG. U is a side view of a chamber showing a snsceplnr of fcfavcntioiL 

DETAILED D^SCWPTJON THE PREFERRED EMBODIMENT 

FIG. 1 is an exploded perspective view of a susctptar 11a. He eusceptor 11a 
comprises a substrate support 13, adapted for pin and slot coupling with an edge ting, such 
as prage ring 15. Specifically, the substrate support 13 comprises three pins l°a-c which 
extend upwardly from the top surface of substrate support 13. The bottom surface of the 
purge ring 15 comprises mree alignment slots I7a-c positioned to interface with the three 
pins 19a-c The substrate support 13 comprises a central wafer supporting surface 13a, 
and tho three phis 19a~c are disposed siibgtantiaTly equally spaced around the substrate 
supporting surface 13a. Each of the slots 17a-c is at least as wideasme ooxr^ponding pin 
19a-c, and extends radially outward from the center of the substrate supporting surface 
13 a, in the direction in which the substrate support 13 ryjamtbi and contracts during 
thermal cycling. 

The substrate support 13 is preferably made of a metal such as aluminum, as is 
c on v enti onal The purge ring 15 is generally made of a material having a lower 
coefficient of thermal expansion (CTB) man the CTB of the substrate support 13 material. 
Preferably the purge ring 15 is made of a ceramic material. The slots I7a-c extend a 
length which is sufficient to compensate for the difference in thermal expansion between 
the substrate support 13 and the purge ring 15, over me range of process terrmeratuxes to 
which the susceptoT Ita is exposed This difference in thermal expansion may he due to 
the different CTB of the purge ring 15 material and the substrate support 13 materisl 
Freferabry each pin 19a-e is surrounded by a pad 21 made of a mennally insulating 
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material, so as to achieve thermal insulation between the substrate support 13 and the 
purge ring 15, as farther described below with reference to FIG. 2- The pads 21 are 
preferably made of a highly polished ceramic and therefore allow the purge ring 15 to 
slide easily thercajong while mmimizing particle generation. The purge ring 15 may 
forffcer include a plurality of wafer guide pins 23 to facilitate accurate wafer pUccmeoi, as 
is disclosed in US. Patent Application Serial No. 09/103,4© filed June 24,1598 
(incorporated herdn hi its entirety). 

FIG. 2 is a side view, in pertinent part, of a susceptor 11a, having a water W 
posidoned thereon. As shown in FIG. 2 the substrate support 13, the purge ring 15 and the 
dob 17a-c are configured such Chat with use of the pad 21, no direct contact exists 
between the substrate support 13 and the purge ring 15. By therrnally insulating fbepurg© 
ring 15 from tfae metal substrate support 13, the purge zing 15 experiences less thermal 
stress men would otherwise result if foe purge ring 15 Were to d^ctly contact the typically 
higher teumeaamre substrate support 13. Also as shown in HG, 2, the slot 17a. has a depth 
greater than the length of the pin 15a to reduce thennal conduction from tile substrate 
support 13 to the purge ring 15, via tne pin 19a. 

The slots 17a-c extend radially outward relative to the center of the substrate 
support 13 and preferably are each just slightly wider than the respective pin lSa^c This 
prevent the purge ring 15 movement laterally relative to the substrate support ocK&ring as 
a result of thennal cycling induced expansion and exentraction from being more than the 
maximum, distance allowing clearance between the slot 17a and the pin 19a pair. Tne pins 
19a-o also restrict rotational movement of the purge ring 15 relative to the substrate 
support 13, thereby providing rotational iligrrraent 

The substrate support 13 comprises a purge gas delivery channel 25 and a rHfruser 
ring 1 3b which couples purge gas from the purge gas delivery channel 25 through a purge 
gas distribution channel 27 defined by an Inner edge of the dirmser ring 13b and an outer 
edge of the substrate support 13, and then through a plurality of s mall orifices O famed in 
the difluser rmg 13b to a lower edge of the purge ring 15. 

In operation the wafer W is positioned on the wafer supporting surface L3a such 
that the edge of the wafer W is positioiied adjacent the outlet of the purge slot 29, In this 
manna: as purge gas Hows upwardly through the purge slot 29 along the edge of the wafer 
W, detrition on the wafer's edge is prevented. During a deposidon process, the susceptar 
11a is typically heated to a terrmerarure in the range of 350* to 475'C, typically by a 
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Tif-fltjn g coil embedded in or contacted with the underside o£ the susceptor I la. However, 
for chamber mamtEoance or cleaning, flic susceptor 11a is typically allowed to cool back 
to ambient temperatures. 

This tcmpauturo change causes thermal expandem and contraction of the chamber 
elements, inctadfog fee substrate support 13 and the purge ting 15. Despite fliennal 
cycling which occurs (hiring CVD processing, and the resulting expansion and contracoaa 
of the substrate support 13 and the difiuser ring 13b, feerrnaUy induced stresses are not 
imposed upon fee purge ring 15, as it (and fee pins 19a-c snpportmg it) can move radially 
as the temperature changes, due to the pin 19a-c and slot 17a-c coupling. Any tieBnaliy 
of fee gap between the purge ring 1 5 and fee wafer W is indgnificant 
Accordingly edge deposition is more rrnifonnry and reliably preveatfid. MccrcoYer, fee 
purge rmg 15 may be easily lifted off fee pins 19a-c fear routine cleaning or replacement 
Accordingly dowribrnc is nnrimrized, 

FIG. 3 is a side view, in pertinent part, of a susceptar lib. The irrvernive susceptor 
lib of JIG. 3 is similar to fee susceptor 11a of FIG, 2, except the substrate support 13 of 
HG- 2 does not cornprise the drffoser ring 13b. Instead, the purge gas delivery channel 25 
delivers purge gas to a purge gas distribution charniel 27 vrfdeh fa defect 
of fbe purge ring 15 and an outer edge of the substrate support 13, as is me rnoro narrowly 
defined purge gas slot 29. The embodiment of HG. 3 requires fewer parts, »d replaces 
fee orifices O (of FIG. 1) wife a restrictor gap 1L H» resirictor gap R is formed by a 
horizontal notch in fee substrate support 13 and a corresponding horizontal protrusion in 
fee pur^c ring 15. The size of fee restrictor gap R is dcterrnmcd by the respective vertical 
dirnensions of the substrate support 13 and the purge ring 15 to the horizontal notch or 
protrusion, and by fee thickness of fee pad 21. Hie embodiment of FIG. 3 reduces 
dogging because the restrictor gap R which expands radially around fee substrate support 
13 m a wntrrarorn is less likely to clog than are the plurality of orifices . By reducing fee 
number of parts, fee FIG. 3 embodiment also reduces fee probability of diffirenfeu 
exparision-feercbetween and the resultant particle generation. Note thai; nice the FIG. 1 
and 2 embodiment, fee purge Ting 1 5 rests cm fee msubtor pads 21 and is aligned by fee 
pins 19. 

FIG. 4 is a side view, in pertinent part, of a susceptor 1 1 c As shown in FIG. 4> fee 
purge ring 15 of the mvenrive susceptor lie has a plurality of pins 19 (only one shown) 
which extend downward from the bottom surface of fee purge ring 15. TJie pins 19 are 
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pressed into the purge ring 15 and the pads 21 fare seared to the pins 19 in the same 
manner, or maybe integral to the pins 19. In optran'on, each pin 19 is inserted wffirbia 
ocxrwponding slot 17 located on the substrate support 13. Jxl this cocample the slots 17 are 
formed in the diffuser ring portion 13b of the substrate support 13. Thus, HQ. 4 shows 
that the positions of (he pins J9 and the slots 17 may be switched, and still achieve (he 
advantages of pin and slot coupling. 

FIGS, 5A and 5B are side views, in pertinent pari, of a siisccptor lid. The purge 
ring 15a of PIGS. SA and 5B is configured such that the inner edge 15a overhangs the 
edge of the wafer W. Thus, the purge ring 15a !&iim£om as bonx ^ 
shadow ring 4 (ove rh angr rf g or shadowing the wafers edge). Ihepjn and slot coxrphng of 
FIGS. 5A and SB allows the substrate support 13j to expand and contract without affecting 
file shape or position oflbc purge ting 15a, as described above with reference t&HDGS. 2 
and 3. FIG. 5A shows the purge ring 15a in a process position, and HQ. SB shows the 
purge ring 15a in a wafer W" transfer positian, Because sbadWimga 4 over^ tnewafiVs 
edge* nSey are conventionally supported in a water W transfer position, above the substrate 
support 13 (eg, by a hanger or lip which protrudes fiom ftp chamber wall) while a wafer 
W is placed on or extracted froru the substrate support 13, After a wafer Wis placed on 
the snhstrate support 13, fee substrate support 13 elevates and engages the bottom of tho 
shadow ring 4, n^nsferring the shadow ring 4 from .the bp to the substrate support 13 as 
further describe j 

Conventional substrate supports 13 F whether to be uae& with a pu igcring 15 and/or 
shadow ring 4, arc minaJry lowered to a wafer W transfer pccitiaiL A wafer handler then, 
carries a wafer W into posfiion above the snhstrate support 13 and the lift pins (not shown) 
lift the wafer W off the wafer handler. Thereafter* fee wafer handler retracts, and the 
substrate snr^xat 13 is farther elevated to engagej the shadowing 4. 

FTG. 6 is a ride view in rxxtroerrt part of a susccptor lie. Tne inventive suscepfra* 
lie is confignred to tacihtate access to the purge gas distribution channel 25 for cleaning. 
Specifically, the surface of the substrate support 13 in which the pin 19 (or in an 
alternative ertbo dr rne nf, the slot 17) is locate^ is below the outlet of the purge gas 
distribution channel ZS. Thus, when the -purge ring 15 and/or shadow ring 4 is removed 
from the substrate support 13, the gas dlsuabution charmers outlet is closed. To finther 
facilitate deaning, the puxgo gas distribution; channel 25 may be angled upwardly 
(preferably between (P and 30^ as shown hi FIG. 6. 



(19) 
8 



^132001-274104 



PIG. 7 is a side view of a chamber showing a suscepux llf of the invention io a 
lowered non-processing position. The susceptor llf comprises a removable first edge 
ring, such as a shadow ring 4, supported by a chamber body ring 200 disposed on the 
internal surface 102 of the processing chamber body 100 above the substrate support 13 
and a second ring, such as a purge ring 15, disposed on the substrate support 13. The 
purge ring 15 may be attached to the substrate support 13 as described above relating to 
Figs 1-6, The substrate support maybe made of various materials, such as ahiminimi and 
ceramic, and may include a heating element, such as a resistive healing coil. The shadow 
ring 4 comprises a plurality of tapered ox frastocazucaQy shaped pins 19 (two shown), 
equally spaced around me perimeter of the shadow ring 4 and extending downwardly 
therefrom. The purge ring 15 includes at least one tapered or fmstocomcalJy shaped 
alignment recess 5 and at least one tapered or fruttocanically shaped alignment slot 6" 
farmed therein. Although the invention is shown and described with a shadow ring having 
pus thereon and a purge ring having recess/slot thereon, it is understood mat invention 
contemplates embodiments wherein die pin and recess/slot coupling may be disposed on 
either me shadow ring or the purge ring. The invention also contemplates anbodhiients 
wherein either (he pins or me recessea/slots include tapered sur&ccs. 

The pine 19 are positioned to interface with the alignment recess 5 and the 
ahgnmentslot6. The angnxnent recess 5 and the alignment slot 6 are at least as wide as a 
correspending one of the plurality of pins 19. In one aspect, the width is defined as the 
rffm«iq« p pCTp ftnritcttlar to the radial direction, relative to the center of the purge ring 15. 
Referring to Figure 8, which is a top view of a purge ring 15 of the invention showing the 
nHgm-nftnfr jecess 5 and the alignment slot 6, line 800 represents the radial direction 
relative to the center of the purge ring 15, and line 802 represents the direction 
perpendicular to foe radial direction relative to me center of the pnrge ring 15* The width 
of the alignment slot 6, being flie dimension perpendicular to the radial direction relatjvo 
to the center of the purge ri ng 15, is shown by segment 804. The radial dimension of the 
alignment slot 6 is shown by segment 806. The alignment slot 6* extends in a radial 
direction, relative to the center of the purge ring 15, a lengm mat is sufficient to 
compensate for any difference in thermal expansion between the purge ring 15 and the 
shadow ring 4, The radial dimension (te, length) of the aKgmnent slot 6 is up to about 
sixty mik greater, preferably up to about jbrty mlb greater, man die radial dimension of 
the con^spondmg pin 19, The width of the alignment recess 5 and alignment slot 6 Is 
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between about three mils and about ten mils wider, preferably between about three mfls 
and about eight mils wider, than, the width of the corresponding pm IS- He cording of 
the pins 19 with the alignment recess 5 and (he alignment slot 6 restriots movaaent of the 
shadow ring 4 caused by thermal cydmg induced expansion sod ci m tnact mn ox other 
causes to less than the length of the alignment slot 6\ The pins 19 also le^ctjotatkmal 
movemeri of the shadow ring A relative to flic purge ring 15. thereby providing rotational 
alignment. 

The pins 19 as shown in FIG. 7 preferably have a rrustocoaical shape, tapering 
from a base portion to a top portion. TbeiulgnmcarficccssS and the aEgimiCTl slot ^have 
mafnhm g tiering sidewaDs foaming a wider opening portion and a narrower bottom 
portion to lecdvmgn^tapc^pins 19. This wmngnation allows &r and corrects gross 
mf<a1fgnmeat between the two rings because the nairowcr top portion of to phis 19 can be 
inserted into to wider opern^ 

mttafignm gnt Thus, with fctBtoconically shaped or tapered pins 19 instead of nor*- 
tapering (Le., cylindrical) pins, recess 5, and slot 6", zmsdignmcot of the shadow ring 4 
wifh the purge ring 15, dnetDfeermal expansion or other caiises can be corrected wlien to 
pins 1 9 arc inserted into to rcccw 5 and slot 6 when ftic rings come together. A* the pins 
19 are inserted into the recess 5 and slot tf, misaHgtioiert 
pnige riii^ is corrected as to sin^^ 

recess 5 or slot 6. TbetworingB areahgncdas topmsl9 arc fiilfy inserted into to recess 
5 and slot b*. 

The pin 19 and recess 5/slot 6 coopling allows to shadow ring 4 to more with 
respect to the purge ring 15 due to different thermal expansions between to two rings 
Wi&ont imposing stresses on either ring tot eonld cause ring defamation, flaking or 
breakage of any of to components. The shadow ring 4- remains in pivotal alignment to 
to purge ring 15 at to location of to pin 19 and recess 5 coupling, while to pin 19 and 
slot 6 coupling allows the shadow ring to move slightly (Lc f restricted by to length of to 
slot 6) relative to each, other due to different thennal e^jansianS between to twt> rings. 
Hie invention provides consistent alignment of to shadow ring 4 with to purge ring 15 
and to substrate. Moreover, the shadow ring 4 may be easily removed for cleaning ox 
replacement Down time is thereby minimf^ 

PIG. 9 is z top view of a shadow ring 4 supported on a chamber body ring 200. A 
chamber body ring 200 is secured to the internal surface 102 of the chamber body 100. 
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The chamber body ring 200 includes a plurality of recesses 202 formed in the upper 
portion of (he internal surfece 220 of tho chamber body ring 200. The shadow ring 4 
includes a plurality of projections 10 configured to rest oa Che surface of the chamber body 
ring 200 defined by the recesses 202. Preferably, foar projections 10 are spaced equally 
along the perimeter of the shadow ring 4. When not coupled to (he purge ring 15, the 
shadow ring 4 may be supported by the chamher body ring 200 via the pnajections 10 
resting on the surface of the recesses 202* The recessea 202 are sized to allow for thermal 
expansion of the shadow ling 4, and yet keep the slradow ring 4 sufficiently aligned with 
the purge ring 15 so that the pins 19 stay within the oaptoe range oftfac recess 5 and sjot 
6. The sidewall surfaces of&e recess 202 may also be tapered to urge a shadow ring 4 
into the deshxd aligned position on the chamber body ring 200. 

HQ. 10 is a side view of a chamber showing a susceptor llf in a processing 
position. As shown, the purge ring 15 attached to the substrate support 13 contacts and 
lifts the shadow ring 4. Trw pins 19 of &e shadow ring 4 are rrrsertrf 
slot 6* of the purge ring 15. The shadow ring 4 1 a thexety 

200, so that the projections 10 of the shadow ring 4 are lifted off the internal surface 220 
of the chamber body ring 200 defined by the re c es se s 202. In this cciifignrsfion, the 
shadow ring 4 is positioned about 3 to 5 inOHmeten above a water W and overhangs a 
paatkm of the perimeter, ox edge, of the wafer W, preventing deposition thereon (faring 
CVD processing. 

In operation, the substrate support 13 is initially lowered to a wafer transfer 
position, as shown in FIGL 7. A water handler contpriajog a robot blade then •carries a 
wafer into positian above the substrate support 13- lift pins (not shown) lifi the wafer W 
off the robot blade, and the robot blade retracts. The substrate support 13 is elevated to 
position the substrate thereon, and then the substrate support 13 thither elevates so that the 
purge ring 15 attached thereto lifts the shadow ring 4 off the chamber body ring 200, as 
shown in HG. 10. As the purge ring 15 engages the shadow ring 4, the pins 19 ate 
inserted into the alignment Tecess 5 and aEgnmeat slot 6\ The tapered surfaces of the pins 
19 slides along the tapered surfaces of the alignment recess 5 and ahgnmcnt slot 6, urging 
the shadow ring 4 into desired alignment with the purge ring 15. 

PIG. 11 is a side view of a chamber showing a susceptor llg in a nott^rocessing 
configuration. In this aspect of the invention, tho substrate support 13 includes a ceramic- 
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susceptor and a ceramic purge ring 15 disposed thereon. The purge ring 15 and the 
shadow ring 4 include the pin and sbt/rcccss coupling cf the invention as described above. 

As is apparent from the above description, a chamber such as the chamber 
described in commonly assigned US. Patent Application Serial No. 09/103,462, filed Jane 
24> 1^8 (iiicorporated mite 

through 5, provides superior edge deposition prevention and increased throughput as 
compared to conrcntional deposition, chambers (CVDjFVD, eta). 

The foregoing description discloses only the preferred embodiments of the 
invention, modification* of the above disclosed apparatus and method which, fall within 
the scope of tfc iavenlian those of ordmiu^sriEinthe art X<x 

instancy the inventive susceptor compri ses pin and slot coupling between any type of 
edge ring (purge ring and/or shadow ring), whether -die pins are located on the substrate 
support or the ring. Although each of the figures shows the use of thermally mmrtaHng 
pads these pads are optional. Further, it will he understood that cheating dement may be 
included in the susceptor; as is exarv enrto n a u y known* Also as ccuyentioaauy known, 
each of the purge gas delivery channels 25 of the various embodiments of the invention 
preferably open into a purge gas distribution channel 27 which also extends somewhat 
below the opening of the purge gas delivery channel 25 (as shown in each of the figures), 
so as to create a buffer channel which ensures more even distribution of the purge gas to 
the purge slots 25. 

The terms pin and slot are to be broadly interpreted to include shapes other man 

straight pins and slots 6 (ag^, r e c tan gular keys, eta.). Further; purge zing or purge 

i 

ringfchadow ring can be advantageously removably coupled to a substrate support, try 
mechanisms other than pin and slot coupling. Any rernovabry coiaJod purge ring wfll 
bene fit from the exposed outlet of the purge gas delivery channel and the upwardly angled, 
purge gas delivery channel. Similarly a susccptor whether or not having a removably 
coupled purge rpig can benefit from the definition of a purge gas distribution channel 
having a restdctor gap between the substrate support and the purge ring. Thus, fceae 
aspects of the invention should not be respectively limited to pin and slot coupling or to 
removably coupled purge rings. 

While the present invention has been disclosed in emmection with the preferred 
embodiments thereof it should be understood that other embodiments may fall within the 
spirit and scope of the invention, as defined by the following claim*. 
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CLAIMS: 

L An apparatus comprising: 

a) a substrate support; 

b) a first edge m^g disposed on the substrate support, fee first edge ring having 
one or more tapered recesses; and 

c) a second edge ring having one or more matching tapered pans for mating 
engagement with the one or more tapered recesses of the first edge nog. 

2. The apparatus of claim 1 wherein the first edge ring includes one or more slots 
disposed for mating engagement with the one or more tapered pins an the second edge 
ring. 

3. The apparatus of claim 1 wbcrdn tbe first edge ring comprises a purge ring. 

4. Hie apparatus of claim 1 Therein the second edge ring comprises a shadow ring. 

5. The apparatus of claim 1 "wherein the first edge ring includes one tapered recess 
and one diametrically positioned tapered slot, and wherein the second edge ring includes 
two tapoed pins diametrically positioned for mating engagement "wife tbe recess and .the 
slot 

6\ The apparatus of claim 1 wherein the substrate support comprises a purge gas 
channel, and the first edge ring comprises a purge ring. 

7- An apparatus for processing substrates, co mpris ing* 

a) a chamber, 

b) a substrate support disposed in the chamber; 

c) a first edge ring disposed on the substrate support, the first edge xing having 
one or more tapered recesses; and 

d) a second edge ring having one or mare rhnfcfttng tapered pins -for mating 
engagement with (he one or more tapered recesses of the first edge ring. 
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8. The apparatus of claim 7, further comprising; 

e) a chamber body ring disposed on an interior surface of the chamber, the 
chamber body ring having one or more recesses for snorting engagement with me 
second edge ring. 

9. The apparatus of claim 8 wherein the first edge Ting fnrJrafry one CT mOje slotS 
disposed fbr mating engagement with me one or more tapcicd pina on me second edge 
xing* 

10. The apparatus ofclaim 8 wherein me first edge ring comprises a purge ring: 

11. lie ^arams ofclaim 8 wherein the second edge ring comprises a shadow ring. 

1Z The apparatus of claim £ wherein the first edge ring mcfades one tapered recess 
and one diametrically positioned tapered slot, and wherein me second edge ring inemdes 
two tapered pins diametrically positioned for mating gn^^E^f with me recess and me 
slot 

13. The apparatus of claim 8 wherein me substrate support comprises a purge gas 
channel, and the fijst edge ring comprises a pmge ring. 

14. The apparatus of claim 8 wherein me one or more recesses on me chamber body 
ring mchide tapered side snrtaces- 

15. A method for supporting a substrate in a chamber, 

a) positioning mo substrate on a substrate support having a first edge ring 
disposed around a substrate sup^rting surface, tho first edge ring having one or more 
recesses; and 

b) positioning a second edge ting above the first edge ring, wherein me second 
edge ring include one or more pins tor mating engagement with the one or more recesses 
on the first edge ting. 
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16. The method of claim 15 wherein the first edge nog includes one or more slots 
disposed for mating engagement with the one or mare tapered pins oa the second edge 
ting. 

17. The method of claim 15 wb ercin the first edge ring comprises a purge ring- 

18. The method of claim 15 wherein the second edge zing comprises a shadow ring: 

15. Tho method of claim 15 wherein the first edgo img includes one tapered recess and 
one diametrically positioned tapered slot, and wherein the second edge ring i ncbato two 
tapered pins diametrically positioned for mating engagement with the recess and the dot 

20, The method of claim 15, further comprising: 

c) flowing a pin^c gas aronnd the snbstrate cmring substrate processing- 
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fig: 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 A 
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Fig. 8 
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ABSTRACT OP THE DISCLOSURE 
The invention provides a removable first edge ring configured far pin and 
recess'slot coupfing with a second edge ring disposed an thfe substrate support la one 
embodiment, x fist edge ring includes a plurality of pins, aid a second edge ring includes 
one or more alignment recesses and one or more alignment slots for mating engagement 
with tb£ pica Each of the alignment recesses and alignment slots are at least as wide as 
flie corresponding pins, and each of the aHgmncnt slots extends in the radial direction a 
length that is sufficient to compcDsate for the difference in thermal expansion between the 
first edge ring and the second edge ring. 



